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(54) POWER FACTOR COLLECTION CONTROLLER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a boundary 
mode PFC(power factor correction) controller which 
is not restricted by an input voltage. 
SOLUTION: This power factor correction controller 
comprises a switching element 130 controlling a 
current of a primary coil connected with a transformer 
T, a converter part 100 having a first diode and a first 
capacitor, an error amplifying part 200 having an 
adder subtractor 220 which subtracts an output of an 
error amplifier 210 amplifying the difference between 
a voltage proportional to the output voltage of the 
converter part 100 and a first reference voltage, from 
a second reference voltage, an operating part 300 
which receives a first input voltage, a second input 

voltage and an output voltage of the adder substractor 220 and outputs a voltage which is 
proportional to the first input voltage and the output voltage of the adder substractor 220 
and inversely proportional to the output voltage to the second input voltage, a comparator 
400 comparing a voltage of the switching element with an output voltage of the operating 
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part 300, a zero current detecting part 500 detecting a zero current of the secondary coil of 
the transformer T, and a switching drive part 600 turning on and off the switching element 
by an output voltage of the comparator 400 and an output value of the zero current 
detecting part 500. 
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(54) KSHJCD^^] ^SuE«?§§ 



(57) ism 

mm] A*«ff ©flJRfrgtffcV^ifEff*- KPFC 

*Wm-*x<< yf-^y** 1 3 0 Jc— K 

= 1 0 o©aa«ffifcJt0H-3«ffii:JSiaE 

Wfffc©**rW*-5=?-Hi«S2 0 OWfcfcS^SrJg 
2 WmW£\Z.WM-t^Wl^ 2 2 0 Sr^-f 5 = 7-^t« 
$152 OOfc, SB 1 , #2A#*Eiini*»2 2O0tfl7J 
«J£&A2JiU % 1 AAWEtMrtS 2 2 0 (Dttifim 

3HB3 0 0 t, yf-^^»fO«BEi:*J|L»3 0 0 
©ffl*«Etit«i-5tt;«»4 OOt, 3EJES&T<Z>2ft 
3-f/wo*«t«r*»i-5»«Wfti5i»5 0 0i:, JttR 
$4 0 OOBJ*«ffi:*m»BttP»5 OOOffl^JltKlJ: 

I*S]£f5 6 0 0 £ £^tr„ 




[#jftfil*©$£lffl] 

[f#**l] AXWM\z.ldt=i-<{/\'i>mWi&ti?>%.&. 
«fJttt»i-5JB 1 ±- KRtMB 1 * fc £ff 

*J± fc flM^*S®ttft«EE£ttJ£fll LWIBJB 2 A73S 

flE fc 12® JtOT" 5 «S 4r UJ 5 '^#$15 fc , 

WIS* -Y yfy £'1?^ tested 5 mftc&tfefci LfctffiW 

I E^HIflS © mti «J± fc £ itm-f 5 fc ft co J±gt§§ fc , 

iiu lE^ffSs© 2 & =W /uro^MEft & fcfcil- 3 fc ft ©*« 

fiSlfcfcj&fc, 

ffllBJttt#©W*«E fc mHE**i«ft*oSl5©m^«fc i 
oTHMlB^-f s/^V^T-Sr^-V, ±7^*5^^ 20 

[8***2] Mia^i^v^-- k, mne»i*-Y<*2' 

-fSft** 1 |CfEiffi©71*«IE$iJ« 0 

[It** 3] fltHE^-f yf^^ffliMO SFETT' 
fc ?>»** 2 fc|S*W^3*1f iEftOWS. 

[It** 4 ] HftfEfS 1 £9*E fc ifufEfl 2 S2pSff « 

n-mff-t-fcsw** 3 \m%<r>f}^mmm^ 
[»** 5 1 uwb^w vfst'wmmz, 

fftWffiWU<oiiit)MEEb1ftUxJ vT^yM^kMM 30 

««tr»»Lfc«BEfc*»|BICJ;5fc**»S-fcJ8^TlWI 

!E*-f s/7^^iH^*7;**, 

M1B£ffi«© 2 & 3 -f ;n&**«E 4: tftfci Lfc»frfci3 V > 

-CHufE^-Y •y^^^* J F^^>S-ti:5if*lil fcfSgjco 

[ft** 6 ] itulE^lS^frlfPtes 
ffifE^Etl© 2 jfc a -Y ;nz>iS!jB**«BE fc IS 3 g 
fc fcjfctfc LTftulEa -T /u©*«SES:tfe$ai-t-3*«ifcl**Q 
***tr» ** 1 fclEtt©a*ffi3E»J*i«. 

[ft** 7 ] mmmm^nn, 40 

f 5fcid© ? 7 W£IS§£ $ b t "air ft** 6 fclBtt© 

«|BJ«R*©a*«E* y * y hJfrf-fcAA Sit, itufE 
»«|lE*ft«©EfiHl*«E*-k y KiStf-fcA*! Six* 
R-S7y^il2Sfc, 

*MB*«flE*ft*P»wffi*«ffi fc SMER - S 5 s» ^BiES© 
tWEyry— broUJ*fcJ:oTlWE^-l' s^V^*-?* 50 
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[It** 9] iilE^v^-^tt, 
-Kfc, 

Suffix 2 ^-Y K fc ttiftjfii fc CO W fcjSJiJ fcffiiii * 3xfc 
» 1 ffi#tfcSil2 fc *r £ £>fc£trf»*« 1 tela 

[!t**10] buIES? 1 A7Jtt;fiES±, (ulB^VA-^ 
»©A*WBNfc*2XtWIS 3jffittte#B Lfc«£ET-fc 

SfJlEU 2 XtlMS. ttfltHE* 2 * + /< > * fd^ES S ftfcft 
JEESr0f^©ttfcfiJofc«)E-Cfc5«** 9 fcfEft©** 

[It** 1 1 ] itufEAPftlSli, 
fMESS 2 E2p«J± fc fufE^.7 - *8««© W7^«ff i 
ft^h^-^fcA^JStk EV^fcjaW*tr<fMSl 

7°©Bl. 12 h7>^^i« 

anejfti. ^2 y^fc*«i 1 fc 

h * 2 h 7 v ^ * co a ^ *s*jv?ixSN* 
S^TSV>ttt}5S5 7 — Sr^1"5^3, 4h7>> ? ^ 
^ Q 2 0 s Q 2 1 ^-&tff#** 1 fcfEftcO^**IE$li« 

[Iff** 1 2 ] ttEffigfttt, 
«fimi±V i nfcai5y^a<gStt*ixfc»l^W , 7'©IS 

5 h 7 ^-^^ ^ Q 2 fc , fiulEB 5 h 7 v-^x ^ Q 2 co-s 

6 h7V^?Qlt, iF|E^2A^)SJE^^l A73« 

»2A*«^fc«itStU ffl^«asfi9EKS6 h7>"^ 
^QlW<-^fcgStt*ix50PrV7"OPfc, DftlEfg 
6 h7^*Qi©i5 y^fcffi*jSfc©MfcJSNa!S 
tu5^3ffi^R c fc^*L s 

BUIE^5 h7V^*y-Q2fcm«5 7-£^J&-13SSl 
^-f7°coB7 1-7^^Q3 t!7 F7X-^?Q3 
(D^U? f/K^-xk^u? ?&m@Lt£thZ,%i2?'(7 
OW, 8, B9 ^^^^04, Q5 fc, BUE^8, 9 

ffi.£ti%B4, H5®feiRb, Rbfc, fiuIE^4, 
JSttR b , R b CD«fc*tl,m^ 5 ^^^SixT 
Ev>fcH«j»*/i: L/£7j5 ^-^I^JxftiStttff fc 
MffiB 1 A73 mil fc tf 5 S#E $ tb 5 £ 1 ^ ^ 7°<0^ 1 0 , 
Si 1 h7^^Q7, Q8fc, BUlEB 10, Sll 
h7V^**Q7, Q8CO-<-7fcfl;?5!E-iiI lfcatSy 
^/j5«|tStb5^1 ^-Y7°C0^1 2, |13F7^ 
^Q6, Q9 fc^r^L-, 

^ Q 1 0 , Q 1 1 t , fIfE» 14, |15F7>^^ 
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2*-t'7 P ©|gl 6, 17h7^?Q12, Q13 
t , ttllSB 16, 1 7 h 7 * Q 1 2 , Q 1 3 

5 V**#&»£fr5iB2*-f 7*©S$1 8 h7 

y^^Q14h MIEfgl 8 F7^^Q14t5 
7-&®J* 5 v 9 flSHulEiP^SS 2 2 0©$1 ( fg 3 
t-7^?Q18, Q 2 O©*®^ l^^tjggg^tL 

7°©JSl 9 Yyy'J^fQl 5 i£*U 10 
SaiBWRWBEV i n fd^$ 7 t => 

£tl£JSl 7°©ig2 0 F7^?Q1 6 fc, WIS 
^20 h7^x^Ql 6 fc«W5 9-fc»J*i-5«fl 

^-f7°©3§2 1 h7>^^Ql 7i, ittlfBi§2 U7 

y^?Ql 7 ©ai^ ©WfcSH*£;h,5 

W^jRO«BE4«1ttlBtt«»K: A2) £*u5ft 1 1 IB 

p ^/<^r * "Cfe !3 , irtfBjfi 2 * -T 7°© 

h7^^l4n p n^<^sK— 7 h7V^^t'fc5 
»*S 1 2 Ic1B*©*«jE$IJ« 0 

[00 0 1] 

l&W<Dmi-Z8M#m] *»Htt, ^J«IE (Power 
Factor Correction ; ETF 'PFC' £^5) fgiftpiCffi 

9, #£7*-* h = y/<— ^fcflUBLfcfllff*— H (bo 
undary mode) PFCSlJfP^Hi-5 0 30 
[0 0 0 2] 

um^mn m 1 bt*-* h =■ >v<-* 

*©*S#pEr- KPF C*fl»#**L*:Hffi-Cfe5. II 1 
fciS Lfc i 5 fi£*©H#^- KPF CMffiffiizf- 

1 (H^VvC:/'-* |- 3 W<— 1 0 tiA^SItlA 
C£»LT*M«J±V s &ffl?jU titS^fctffV 
s &7-f y^V^MOSFETOlMotM 
£J5fi£«BEV o u t ^rW^1-5„ 
[0003] 7 -f y T^V ^HMMf 2 0(1 WIB7*— * h 40 

1 0©7^ yf-V^SH-S:ft||»i-5fcft©t 
OtfccT, Aa«»©£iK'ffi^«E©3atli;&sfc3» 

[0 0 0 4] SI tC*5^T % fllx.ff , A73m«^iiJP L 
fctfij&t-tbtf, «ffV s Sr5HEffiSER 3, R4 ic^BS 
Lfc«JET'fo3Vm 1 fiigAPU ntbt ioTf^2 
3 0ttS7DmjEVmo t>*K*S9*Pi-5 <t 5 
5t, Jttt«2 4fcA*^tb5 2oro«JEVmo, Vc 50 
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-7 h=i v^-^^b 1 0 ©ttwmiEv o u t i±*sjnf 

[0 0 0 5] —35, 7*— 7 h =1 ^/^— ^SlS 1 0 ©itiTifl; 
EVou t*J|iPi-S»S-^tt^7-HJB«2 1 ©lij* 
tEVm2#«'>U rtliaotaie2 3©fflM 
Effc5Vm2-V r e f }4^>1"5 J: 5 tftS. 

[0006] n©i5(-, »^-KPFCl«ti 
tbtf, A*m«#±#-J-5»«-, *U:*JM§©tiJ:*J«E 
Vmof4i|JPi-5^, 7*— 7 h=i>v<— 0©ffl2) 

SE©±#fci-D-c*iN£2 3fcXAS*i.5lolW*oiU 

^*J±Vm2-Vr e f ^/>-f5r. t fcfcoTJRJM* 
3§©ffl7J«;J±Vm o (4A73*BEro±#i-tB]bbT— fet? 

fot), ;jxC±oT7'-^ h^'-? i o©tti;frSS 
vo u tttHKSftS. 

[0 0 0 7] 1-ftfc>*>, B2fcjj*UtJ;5U: % A;bl* 
#l#LttffVmlW5fc5Vml' ^±#-§-3 i , 
^7-*ifi^2 lWfflMB4Vm2i!i^Vni2' tT 
BU o*9«IHSoU*«EVmoH:-«K:||«fS*b 

[0 0 0 8] 

[*H#stRfcL.fc5 4:+51Mn bi»U4a*b, fife*© 
«ff*-KPFCtWNSfcJ:*i.tf, A^«ffi#-5£©fl 
ff8Ltlc*IBfc±#-r5»*fctt, ^7-iiffi^©ttl^ 
«EVm2i*aBWlEEVr e f i?*t<4ot, 7*- 
* b a 1 0©ttJ*«E*r**u6l±P«ii-5Ci 

#pE~ KP F C*0#P«K*3V^TH:, A*mEE©^ti)fEll 
OTBWMEVr e f Kio-r»JRS^5i:v^5BB)H^ 

[0 0 0 9] *?§BJHHtjIBl^^T^^tlfct.©T\ ^ 

Hue- kpf OM9iJft*«0tt-3 - i ^*»*. 

[0 0 10] 

[ooii] 3 w<-^«pha*«»ic i *=>-r^s 

yfy^fi:, fl{lIBUk=^/U©W^*£ESrS 
is ft Sr-grtf. 

[0012] ::t\ $i^t- K, mi^r^^N"->^ 

Zttmt. V< , IU1B7^ yfy^ttMO S F ET 
(metal oxide semiconductor field effect transisto 
r) T'fcSOWSLV^ WIB=" W?-^^|5f±^ 
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t , wtem 2 *v k t fc <o m ke^o ukm * 

ixfc|Slffittfcll52*t-''«S/^fc«r*fefc*tp©##* 

[0 0 13] aty—JteSPttaV^'-^SlJOa^WJE^ 
DEE t % 1 £9ttEE fc ©it frUMW- 5 

BulB^7-i|i|iHrotB^^^2£?P11l± 

£E i JS 2 *2pftJE & HP-romj£T-fc 5 i t ##4 L 
V\ 10 

[0 0 14] *#»tta>v<— *tt©A;fc«EK:JfcW 
5fgl, »2A*«flEtmiE*0^©W^i«JESrA^i: 

u ftits^i x^ms.tm%mwL^nmtsmmz-m\ 

L, fl(llE*2A*«£Etf±iS»Jfcfi!li-5«flE*rlU*i-5 0 
rrr% WfESli a*«BE(4WbB=w-<— ^SproA^S 

A^SflE figJlBlg 2 * < 3fe« £ ftfcWE £ 3T £ 

[0015] ikttsttiWE^w s/^v^s^tatusm 

«K*tt*PL*:«flEtlift1S«j|lBJ©W*«It*Jfc»L. 20 

*W^fc*BH:1HnE&BE«© 2 ft =^ /p©**ifeSrfc*n 

[ooi6] 1P««E«i»SPi4ltrlB^BE«© 2 ft 

a -1* /P©i»fi«*«BE fc Jg 3 fc £ tbK LTfrlE 

£L<, WIB3EJEg©2ft3'f/u©a!je**«BE 

[0 0 17] y^>'^l»»«|Jttfl(rlEat»(BJ©ffl*« 
JltmJfE^^ y^V'^JH^fciHvaWlEirttiaiLfcWBE 30 

7U fl&1E£ff«©2fta></i'©*«*«:fcfcLfc*& 

[0018] nr-e, wiEx-f •y^^mm^tMw.it 

iWsPSOKtettI**!** y MH-tAaSftSR— S 

S7y^Eim©ffl^ttffii^A^$^5yT^-ht, 
tfilE/T^- h©a^t^oTHf)lB^l' y^-^^SH^S: 
^v, d-7-T5SEi]|lllSi^tP©/5^T^LV\ *40 

Vrao = { KXVmlX (Vm2-Vref) } /Vcon 
rrt, Vc o nttS$iR2 tdr-y^-y^C 1 t©Pfl© 

^5«;j£S:0T^©#lfcn-efi|ofc<itrfo5 o 

[0 0 2 7] *-v/<^C 1 ft £ USE V 

cctt (2) 5tT***b^S„ 
Vcc = {n2/ni} X |Vs| • • ■ (2) 

nrt?, il, n 2(1 ft 3-1" 2ft^A- 

©#tf*itiafctr*U, I v s IliVs ©¥*&§*« 

(root mean square ;rms) £rjSi~„ 50 



[0 0 19] 

mmnmMvMffi] sit. *%wm 
[0020] m3it, ^womMMWuczzmn*- 
fc, ttsctifiias^- kpf OHM* 

H, 7*— X haV/^t— ^g|51 0 0. 3:7— igi|il|fl}2 0 

0 , Wllff 3 0 0, Jttfc«4 0 0 , JMttfE&ttffi 5 0 

0, X-f y=f-^ifWMi%l^ 0 O^fcjfcS. 
[0 0 2 1] 7-7 h=>>s<~-?Ul 0 OttA^l^m 

J£AC©m^*T#£l&£1 _ 3;fc*©EMI (electro-m 
agnetic interface) 7 -f A-7 110, A;fr3$5f£HfiEAC 
*tt«EUT«»«£EV sSrffl^i-S»«»l 2 0, Iff 
»T, KD0, Dl, *--Y/n°->7C0, CI, 

tSftR 1 , R2, Rs, RdetW^yf^^? 
FET (field effect transistor) 1 3 0;&»6>&3 o 
^J3Z^T©lft=J^/ULl, ^'-YxJ— KDO, 
^rt^CO, ^yfy^MOSFETl 3 OUT" 

[0 0 2 2] ^E§ffT©2fta-OU©i£,£Sfcl5fi4g* 

ft, 2*=>f/i/©IMiH:^*-KDl*raLTttttR 

1 tfiH*Stt5. fifeiR 1 tefK/tR 2 £ ^y^* c 1 

[0 0 2 3] X-f yfy^FET 1 3 0©y-Xfi 

SFETroV-^iffigiR s £©|?0©$,&hJ:JfctSt#g4 0 

[0 0 2 4] ^7— iSISSP 2 0 0 fimflB:/— X h = W< 
-y-g|51 0 OWttl^mffiVo u t«r#ELfc«£EV f Sr 

7-i8B»2 lOt, 317 -»»«» 2 1 0©|±1^«JEV 
m 2 SrmiES2pltffV r e f mj*|f-r5fcfe©*n««2 

2 0 i*»t)JSc5 0 

[0 0 2 5] WH5 3 0 Ott*0»»2 2 0©m*mHEV 
m 2 - V r e f t BiVZAjjISM V s ^^>ffi LfcSBET'fc 
SVmlitffVconc^ATJiU (l)5&&»P>3ft 

[0 0 2 6] 

• • • (1) 

[0 0 2 8] tb»4 0 0 ttflFtEJftJUS 3 0 0 ©ffi*« 
ffVm o trIPRSMKf-lCAA L, x^yfy^xFE 
T 1 3 o {c^5«M*^*n LfcUffiV c s ^K^A^l 
MB-fcUTitlftL*:*, IlilVc s o^|±i*1-So 
[0 0 2 9] *«}5£ftl±i$|i 5 0 0 (4, 3EES&© 2 ftra-T 

Vd e t*7 7VfV^i- Sfc*©^7V7"IeIS&5 1 0 

1, ^7VtfV7-$HfcMISSff^Ri|EA^*T-4 
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2 0 £4»feft5. 

[0 0 3 0] x-f y^^^BibSB 6 0 0 tt, **«^*p 

ffVc s o frJErtt^jvfe y bS, Uiry 

«Wfc*p»©W*«flE £A* birZSTSf-he 

y^MOSFETi30^y, ^-^^-ti:5ill»a5 6 3 
o fci»bft5 0 

[00 3 1] EAT, *»H©*H»litJ:S***-K io 

p f ciattonff inov^TH 3 atwa 4 tawv^tw* 

[00 3 2] St*W 3 0 0 dffi^mflE Vm o tt«5t 1 
fefci*5J:5^ A*WEVsO^IB1tflETfc5mjEV 
mlfctt0H-5. Sot, «BEVmo<Dtt*tt«:aWBE 
v s iW-<&ffitt<ott»fcft5o 

[0 0 3 3] ^-f^fy^MOSFET»yt45t 

flEVmofcWlXftSi:. Jfcl»4 0 0lt^tE*: 

$^TIE«J^6 3 0^ffl;ftSffiVaten-ttl§ifr9, 
rtufccfcoT;*^ yfy^FET 1 3 0li*7Eft 

[0 0 3 4] 74 yf^MOSFETl 3 0M7f 

ts li^^;H:SH5SSf^it»l^>^, 30 

(*«SiE«FjR) fc*5V*Tfi* mj±Vde ttt»4fi?nfc 
i£<*9, :H[aoTfli»5 0 0ft/^tEE 
*rliJA1-6J:5tft5 a :otffliR-S7yf©ts/ 
b^l-A#£ft5<7)T\ R-S7^fttty b&tu 
ntb^J:oT«$li6 3 OMttSMEValWttl 
tft5» 7^^/f^MOSFETBSSty 

[0 0 3 5 ] ftfc, A**«#*»Lfc»a^:teW-5* 

£ 51btfsfcovvCH 3 5 fcK^VTtPJI- 40 
<5 0 AMlVs#J:#lfcifiSWl «T1EA*« 
BE V s Sr^EtSStR 3 , R 4 fc^IS LfcmjBl Vm 1 ^ 
bVml' fc±#U »S;2^&^5J:5C* 
-y/^v-^ c l \cjfm^ti±W&v c c ^±#-f t£o 

t Vco ntff#V con' t±#i"5. 

[0 0 3 6 ] (l) SC4»bt?i»5J; R3M&3 o 0 

^iU^mffiVxnO^miEVml' fcJfcfiflU V c o n' 

\c&}tmi-%tz£), ^7-js*is2 i o^m^fl:i±vm 
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[0 0 3 7] 5 > A^Sffv B 
lEVm 1 &7-<- K 7*17- KO^«£*fci-«EEV 

^flflfrfS^— ***2 1 0Oa)M)±Vm2©| 
ftSilg] l ^)«PF cttflStett^T/hS < *5- % 
oT, ^ff^oK^Hft%^iJPi^^<Tj£$EH^A 

[0 0 3 8] fttt, *35W©*ft?g1BtJ:5«*»to 
V^-CWBfclftWi"5. H 6 ttH 3 <D«jWB 3 0 0XT«JP 
JW2 2 0©#»iaK«r»bfcHffiT?jb5. B6tJ8^ 

T> JflM3§ 2 2 0 teSStft (differential pair) 
fpnph7^?Q18, Ql 9 fcWlBb^^* 
?Q18, Ql 9 03i5 y# t«SlEWl 1 fc<0BBfc*tb 
-PtiBS*l*i>5ffiK;Ra 1, Ra2, flMEb9^** 
Q18, Ql903i/^?^3i/^? i^tif tiSi J 
tU H^7-^Mt5n p n F7^^Q2 0, 

Q2 ij&»e>fca. 

[0 0 3 9] h7^?Q18, Q19<£>-<— 
**vt*iJ3WtEV r e f i:H3(D3i7-it««2 1 0 

[0 0 4 0] 3tjf£|53 0 Ott, Vc o nA*$P3 1 0 S 

jr i 3 2 0, m 2mmmmu 330. vmo 

i±^3 4 OfrfcfcS. 
[0 0 4 1] V c o n A#ffl 310lt AAlfiV i n 
IMS y#a«4W*Six*:p n p h7^^Q2, tufB 

b 7 yi?* ^ q 2 bi/^ ^SfE 

StlSn p n h5^^Ql, 0 3<O«JEVcon^ 
^?Ql^-x^g$MOP7vyoP, SUB 

[0 0 4 21 *1 g»gt§SP 3 2 0 ttlOTBV c o n A# 
U3 1 0(Z)h7^^Q2tII^7--»t^P 
np F7^?Q3, IWBh7Vi?^^Q3 03U^ 
^t^-^t =iu^^ tasgSKSixSn p n h7>^ 
^Q4, Q5, b 7 Q 4, QS^xv^^f- 

S^tix-PJxSBHtS^SSttRb 1, Rb2, ffiRb 
1, Rb 2<Dffii«|M$ 7?i^M«^Tl^ 
fcffl»«:4tpnp h7V^?Q7, Q8, fufB b 
7 >-t/^ ^ Q 7 % Q 8 0-<— 7s 1 9,ffiM I 1 t fci S s/ 
^«^Wpnph7^^Q6, Q9*t)4 

Ei«BEVmliSEplPStL5. 
[0 0 4 3] ig2^ftit*Il^3 3 0 ttA*«WV i n(C 

!x^as#il*tt*ii/T1tj«5 7— S:»^;i-5 p n p 
b 7 ^i?7 ?Q10, Q1K SufB b 7 9 Q 1 
o N Ql l<03U^^t3U^^4«SBttStt-CS*i»S: 
fttn p n b7^^^^Q 12, Q 1 3, WIS b 7 



n p n h7>^^Ql 4, SufB h 5 $ Q 1 4t 

S7 fc -SrJKfife1"5n p n h7^?Ql 5^b^5 D 
[0 0 4 4] tufBhy % s*?X#Q 1 3, Q12^-^ 

A V^RliP&ft, jtulB by VS>^^Q 1 5<£>3iU^ ^H: 
Bft1B*nSt* 2 2 0(7)^7 V ?Q18, Q 2 0 (D&m 

[0 0 4 5] Vm o ffi^^P 3 4 0 ft, A^ftJKV i n f£ 
^«^tltti5l^7-«t5p npl>7 
y^?Q16, Q17, F5^?Q1703^ 

7^?Q1 3©au**fci(M*SJv 11MB f 9 

1 7(7)3 l/HI:S8;Rmo fctf!>|H|0>tt£0>*EE 
Vmoft 0 3(OJtft«4OO^)S<EA*« : f L fc»a* 

[0 0 4 6] EJLT. El 6 ottff«KtJKAllHKo«- b y > 

9 £Sfcfr 5 «^5Lt> ? mi± to v > xmm-t £ „ 

[0 0 4 7] ttittSOKteA**^ fcHiaSttSfBEV 
moll (3) ^iit)T?fc5 0 
Vmo = imo X Rmo ... ( 3 ) 

rCL-C, i motth7^?Q 1 7 (O* Uff^MiV 

$r»j*L-Cl^5 F7>^^Q1 6 69=3 l/£ # tfettSE 
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10 

* [0 0 4 8] h7V^^Q 10, Q 1 1 IttEtt 

^7-S:MUv^fcft s ^i/^|:iiS:tSi 1 
0»5 o lot, h7^?Q1303i/^ 
= 5**) tttimo+ i 1 OOfltX^ft 

ttti i'ocol;SSjiss(EtiS„ 

[0 0 4 9] SufS^ i5^h7 V # Q 1 3 , Q 1 2 

10 fo59, Z.(DWM<om.i mote (4) S^I^tfe^ 
imo = ismXtanh(AV/2V T ) • • • (4) 

i s mft 1-7 V^^^Q 1 4(D^ PlZUtl 
9 , -t^flitt h 7 £ Q 1 2 , Q 1 3 £> 

3^5 y^C**bS1t*^^ 1-**>*>. i 10+ (i 1 

o+imo) km-xh% 0 Vittf- *vMtEE 

(thermal voltage) ""Cfc<5 0 

[0 0 5 0] h 7 > ?Q20, Q21B, * 

K5 9^^J*LT*$i!K h7^?Q19fth7y 

20 ?Q19, Q20, Q21(Z)3l/^? (*fcft* 31 5 5, 

Ql 8<7>=3U^^ttt i 1 9 + i s m(OWfci*ffi.tlZ> 0 
[0 0 5 1] H6(DAlMcS2 2 0fc*3^T, t^t*y 
7 (Kirchihoff) ^ttEE&lU (KVL) tiotft© 

(5) aasjastta. 



Vref+Vbe(Q18) + (il9 + ism) XRal = il9XRa2 + Vbe(Q19) +Vm2 



[0 0 5 2] rr.T\ Vbe(Q18), Vbe(Q19) 
ft, W-?^h7^^Q18, Q19©^- 
3^ y?m<DMf£T*h% 0 VbeQ18i:VbeQ19 
ki*ffl—X*1b*)s Ral=Ra2 = Rai«i> 



• ■ • (5) 

[0 0 5 3] 

30 ism = (Vm2- Vref) /Ra • • • (6) 

[0 0 5 4] (4) 5t&tf (6) ft^ (7) 5t 



(5) a;*sfc2feo*tf*fi[1"5 0 

imo = { (Vm2- Vref) /Ra} 
[0 0 5 5] h 7 y ?Q 1 ^>3Z x y # tft, 

OP/y/OP o^RliAAMHf-^SBK * tux ^ 5 it 

KteA^iB^WBE, 1-4*>%, Vconii-tft 

U^j?) fc8teft,5«8IE i c o nttfttf) (8) S^M^T* 

icon =Vcon/Rc • • * ( 8 ) ^ 

ix-iy = icon X tanh ( A V/2Vt ) = Vml/Rb 

[0057] (8) ait; (9) *a»b, #w do) * *a;a***e>ti/5. 

tanh(AV/2Vr) = (VmlXRc) / (RbXVcon) 



Xtanh(AV/2V T ) • • • (7) 

* h7v^?Q3Bh7y^^Q2tiij£-;7H 

i c o nt*5o 
[0 0 5 6]-*, F7>^^Q5iF7>^^Q 
4£D3z^ y^fcjlfttuatiatOjS (ix-iy) ^Ra 1 
= Rb 2-Rb b-t&ks (4) SfcRtf (7) Aj:niK 
<C^fttTZfe<7) (9) fettS. 



(9) 



40 



(10) 



[0 0 5 8] (10) xte (7) AtftA1-5t, &?>♦ 
imo = { (Vm2~~ Vref) /Ra} X 

[0 0 5 9] (11) StRtf (3) a^bWMliVm* 
Vmo = { (Vm2- Vref) /Ra} X 



♦ (id aas*»btt5 D 

(VmlXRc) / (RbXVcon) } 

- • • (ID 

* oft, (12) 
(VmlXRcXRmo) / (RbXVcon) } 
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(12) 5ttt. ±fBicS: 1O10, «*SI5 3 0 oroffi* 
ilVmoBfffVmli (Vm2-Vref) ttit 
mU SJIVc o nttt)^Jt0il1- 5„ 0 3© 

K= (RcXRrao) / (RaXRb) i&3„ 

[0 0 6 0] £*±, IWSHiS^lfeW;— ISJf0&flSfc:ii£ 

[0 0 6 1] 01 iff, *3BW©jOte»«fcl±^-^ = 
w^-^&JEi^fcas, ^cotton >v<— # (fcijUf* 

^S/* (Buck) ri ft if) Srffll/^r. t fBItg 

HKSjast LTR-S ;7^-h?:I^W, * 

[0 0 6 2] 4fc s m.J±Vm 1 tlEVm2-V e r f 
t fcJtflS L> V c o n Ktta»J40!lT5*!MB 3 0 0Oi 
fc LT0 6 ©EE&£:!ftPJ Ufc#, **b£W©ia*-e*5i 

[0 0 6 3] 

4- K7*y- K«**r*fc1-«ffiv c o nis*6flti-5 
£5 0 



(7) #12 0 0 0-1 3 9 0 7 9 
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• ■ • (12) 

* [HiB0ffi¥&KH] 

[IHl] «©ft#pe- K**ffi]E(H»SS:* LfcHJ 
S&0T-fc?> o 

[0 2] HI l^*3VNTA^mM/J s «L-t»-g-<75» 

[® 3 ] *%.m<Dmmm^i.z>mw=z- k^«e 

[04] H3©ttfFtrKHr3fc*©«»HI"C*»5. 
10 [0 5] 0 3 tfe^TAAllzliffl Lfcl^©» 

[0 6] 0 3©jR*«PXT«)P»8S©P3lWBKSr^Lfc 



10 0 




110 


em \y <>i 


12 0 




13 0 


yfy^MOSFET 


2 0 0 




20 3 0 0 




4 0 0 




5 0 0 




6 0 0 




T 




D 1, 


D2 94 K 


CO, 


Cl 



R 1 , R 2 , R s , Rdet ffi#C 




[0 5] 

Vm1' 




(8) 
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